There is currently no cure for Alzheimer's disease, leaving patients to rely solely on good quality care services to prolong their life. Besides, it has been found that the onset of pneumonia can accelerate the progression of dementia and even lead to death. This has led to an increased caregiving burden and a level of emotional stress among caregivers that can be unbearable. The aim of this study was to build a Smart Dog music therapy and pneumonia detection system, which combines a robotic dog, cloud technology, a multi-agent system, an adaptive network-based fuzzy inference system (ANFIS), a web application, and sensor technology to deliver care for patients with Alzheimer's disease and help mitigate the difficulties faced by caregivers. Interviews were conducted with caregivers following the use of the system to determine its usefulness in caregiving work and whether it improved their overall caregiving experience. A majority of the interviewed caregivers agreed that the system brought about improvements.
I. INTRODUCTION
Alzheimer's disease (AD) is closely associated with age; as older individuals are more likely to suffer from AD, it is also called senile dementia. As of 2019, 96% of the individuals suffering from this disease (approximately 5.6 million) are aged 65 and older. Moreover, AD is the sixth leading cause of death in the US, and the number of deaths due to this disease has increased by 145% from 2000 to 2017. The number of AD patients is expected to continue to increase (from 5.8 million people in 2019 to 13.8 million by 2050), while disease-related expenditure is also expected to continue to rise (from 290 billion USD in 2019 to 1.1 trillion USD by 2050) [1] . Early symptoms of the disease include difficulty in remembering events, apathy, and depression; later symptoms include impaired communication, disorientation, confusion, behavioral changes, and difficulty swallowing. Given the immense impact of this disease on aging populations, immediate action is required to address this problem at the earliest.
Winter to spring is the peak period for pneumonia each year, and age has a significant impact on the incidence and The associate editor coordinating the review of this manuscript and approving it for publication was Valentina E. Balas . mortality rates of this disease (the elderly population has higher rates of hospital readmission, morbidity, and mortality) [2] . In particular, patients with late-stage AD tend to suffer from dysphagia, which causes difficulties in eating and drinking. This also increases the likelihood of food entering the trachea, causing lung infections that develop into aspiration pneumonia, possibly leading to death [1] . Studies have found a mutual effect between dementia and pneumonia (i.e., reduced cognitive functioning increases the risk of pneumonia, and the onset of pneumonia subsequently accelerates the reduction in cognitive functioning) [3] . Moreover, the risk of death among AD patients with pneumonia is twice that of patients without AD [4] . Therefore, among patients who suffer from dementia, pneumonia should be adequately detected and controlled.
At present, there is no cure for AD; patients rely solely on proper care to prolong their life and maintain the quality thereof. Research has shown that caregivers of AD patients provided 27 hours more care per month on average than do caregivers of other patients, and 42% of these caregivers provide care for an average of 9 hours a day [1] . Consequently, caregivers themselves suffer from a high level of physical and mental burden, causing them to become ''invisible patients.'' VOLUME 8, 2020 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/
The stress of caring for patients in the middle to late stages of AD is extremely high, with 59% of caregivers reporting very high emotional stress, and nearly half indicating that caring for such patients is incredibly stressful [1] . If AD patients contract pneumonia as well, this further increases the burden on caregivers. Without adequate measures to improve this situation, the accumulated years of stress may cause caregivers to reach the limits of their endurance, resulting in 30% to 40% of AD caregivers suffering from depression [1] . There have even been cases reported of caregivers dying earlier than their patients [5] . Compared to other non-pharmacological treatments, music therapy is suitable for patients at all stages of dementia and has shown greater therapeutic efficacy [6] . It can alleviate memory loss, speech and communication disorders, depression, anxiety, and agitation in AD patients [7] . Therefore, music therapy is considered an indispensable tool when caring for AD patients. At present, long-term support from professional music therapists is required for patients, as normal caregivers are unable to provide such services to patients independently. However, it is sometimes difficult for music therapists to provide the appropriate assistance to the patient based on their observations and judgment of the patient's actual condition.
With the advent of an aging population and continuous rises in labor costs has come a serious shortage of healthcare workers, leading to potential problems in social healthcare worldwide. Artificial intelligence (AI) (here referring specifically to the use of an adaptive network-based fuzzy inference system (ANFIS)) combined with cloud technology has been applied to assist healthcare workers to provide more accurate and efficient supervision of patients at the appropriate time, while also reducing the impact of shortages in healthcare workers [8] . However, as the size of such a system grows, modeling and computational tasks become more complex and difficult to process using cloud technology. In response, multi-agent systems (MAS) have been found to improve the process through the application of AI and distributed control schemes [9] . For this study, a system was constructed using the aforementioned technologies, as well as a Smart Dog, physiological sensors, and a web application. Specifically, the Smart Dog was responsible for collecting patientand environment-related information, as well as providing companionship to the patient and reminders to the caregiver through different reactions based on the patient's condition. Physiological sensors were used to collect patients' physiological information. The cloud, MAS, and ANFIS were used to process and analyze the collected information. The results were subsequently used to adjust the type of music, issue warnings of pneumonia symptoms, and further adjust the behavior of the Smart Dog. The web application system was used to search for and play music. The goal of this system was to reduce the abovementioned difficulties faced by caregivers.
This study makes four major contributions as compared to previous methods:
• A cloud-based Smart Dog system combining music therapy and pneumonia detection was developed to minimize difficulties faced when delivering care for patients with dementia.
• By integrating cloud technology, MAS, ANFIS, sensors, and the Smart Dog into music therapy, this system eliminates a large amount of human intervention required in existing methods of music therapy.
• Using the Smart Dog to provide patients with companionship and assist caregivers in monitoring the patient's condition, this system helps to reduce the burden on caregivers while also alleviating their emotional stress.
• Through automatic pneumonia detection, this system reduces the likelihood of deterioration of a patient's status, and possibly even of death. The remaining sections of this paper are organized as follows: Section II describes the background of the present study and related works; Section III describes problem settings and application scenarios. Section IV describes the construction of the proposed system; Section V presents an evaluation of the effectiveness of the developed system through the results of interviews using the Caregiver Burden Inventory (CBI) and System Satisfaction Questionnaire administered to caregivers following the use of the system. The final section summarizes the purpose and major findings of the study, and presents suggestions for future research.
II. RELATED WORK AND BACKGROUND
This section is divided into four sub-sections. Section A is a review of previous studies and information related to the prevention and care of AD. Section B describes the rules of the system with regard to the intelligent selection and adjustment of music. Section C describes the rules of the system with regard to the detection of pneumonia. Finally, Section D introduces ANFIS.
A. PREVIOUS STUDIES
Current studies on AD can be divided into three categories: health and activity monitoring, cognitive games, and diagnostic systems. Research on health and activity monitoring often includes systems that integrate imaging sensors, Internet of Things (IoT) devices, and multi-modal fusion (MF) technologies for the intelligent monitoring of patients which provide suggestions on environmental and behavioral changes for patients and relevant parties [10] . Research on cognitive games has resulted in the development of game-based cognition-stimulation systems for the stepwise assessment of cognitive impairment and the emotional status of AD patients, to reduce the workload of therapists [11] . For diagnostic systems, some studies have proposed the use of the advantages of 3D convolutional neural networks (3D-CNN) and fully stacked bidirectional long short-term memory (FSBi-LSTM) to construct a deep learning framework for the diagnosis of AD [12] . However, limited research has focused on systems that combine music therapy and pneumonia detection for the care of AD patients to better assist caregivers.
In terms of music therapy, studies in medical journals have confirmed that traditional music therapy is conducive to reducing agitation [13] and anxiety [14] among patients with AD, facilitating their interaction with other individuals and assisting in memory recall [6] . Current information systems that assist patients mainly rely on human input during the creation of a music album, operation of an interface, and music adjustment based on observations of the patient's condition [15] . In contrast, the system developed in the present study requires the input of patient information only on the first use. Thereafter, the system automatically searches for and adjusts the music without further human intervention. Also, the system reduces the need for operation of an interface by executing playback functions based on whether the sensor is being worn and using a sound control playback interface. Furthermore, when using the system, the Smart Dog interacts with the patient by providing different reactions according to the patient's condition, while also detecting symptoms of pneumonia.
Currently, robotic dogs are used in the field of healthcare mainly to provide companionship for the elderly to alleviate depression, loneliness, and stress [16] . Some studies have also used robotic dogs as a tool for the treatment of dementia. However, one shortcoming of using such robotic dogs is that they are commercial products and are not designed for medical use; hence, they are easily damaged when interacting with people, are unsuitable for long-term use, and require frequent human intervention [17] . The Smart Dog in this study was specifically designed to provide music therapy and detect pneumonia within the context of caring for patients with AD.
B. MUSIC
According to the instructions of family physicians, five categories of music can be considered when selecting music for patients with AD [18] : (1) music with positive associations, such as songs associated with special occasions; (2) unfamiliar music, which can evoke new responses from the patient such as a new pop song that may energize the patient; (3) stimulating music, which usually involves solid rhythms, quick tempos, and catchy beats that can encourage movement and motivate the patients; (4) sedative music, which can help in calming down the patients when they are agitated or suffering from insomnia; and (5) music based on each stage of AD. For early-stage AD, music that the patient grew up with and enjoys should be played. During the middle stages, relaxing music should be played throughout the day to improve the patient's mood. In the later stages, music can be used to interact with the patient, assist mental exercise, and soothe emotions; the patient should also be encouraged to sing along.
The system adjusts the music based on the detected physiological reactions of the patients (e.g., mouth, hands, and feet, breathing, body temperature, and EEG). For example, an increase in body temperature may indicate a strong emotional response such as anxiety, nervousness, excitement, or excessive stress. EEG signals can be used to identify states of attention, concentration, engagement, interest, excitement, relaxation, intimacy, and stress [19] . The system makes adjustments to the music based on a comprehensive evaluation of the physiological information collected from the sensors.
C. PNEUMONIA
Pneumonia is diagnosed based on two different conditions. First, the patient shows acute lower respiratory tract symptoms [20] , including coughing and at least one of the following: increased sputum production, shortness of breath, wheezing, chest discomfort or chest pain. Second, the patient presents the following three symptoms, regardless of the availability of chest imaging equipment [21] : newly developed chest cavity symptoms (e.g., abnormal auscultation), at least one systemic symptom (e.g., fever, sweating, chills, poor appetite, and fatigue), and symptoms that are not caused by other diagnoses (e.g., asthma). Well-known instruments to assess the severity of pneumonia include the Pneumonia Severity Index (PSI) [22] and the Confusion, Urea, Respiratory rate, Blood pressure, Age ≥ 65 (CURB-65) [23] . Some studies have shown that the PSI has better predictability for low-risk pneumonia than CURB-65 [24] . Besides, to facilitate its use among outpatients (without drawing blood), some studies suggest that CRB-65 can be used (excluding the urea nitrogen test), and patients that satisfy more than one of the listed criteria are recommended for hospitalization [25] . In this study, the PSI and CRB-65 were combined to improve the detection of pneumonia.
D. ANFIS
The Fuzzy Inference System (FIS) uses fuzzy If-Then rules to process descriptive semantics and analysis during the inference of knowledge and logic; however, such an approach lacks analytical accuracy and numerical correctness. A neural network (NN) has satisfactory self-learning and self-organization skills; however, it cannot process the inference of knowledge and logic. For that reason, Jang [26] proposes an adaptive network-based fuzzy inference system (ANFIS) that combines the advantages of the two algorithms and involves building the FIS architecture on the basis of an NN. An ANFIS shows greater accuracy in classification and prediction, has an effective data training learning process and supports optimization during implementation [27] . In addition, an ANFIS was found to have better application results in decision-making than other machine learning strategies [28] .
The FIS is shown in Fig. 1 . The knowledge base provides the definitions required for the semantic variables (such as the range of variables, the set of language items, and the membership functions). The defined language control rules, expert experience, and/or corresponding algorithms are used to train the collected data to obtain control strategies and describe the control objectives. In terms of FIS operation: First, the fuzzifier uses membership functions to calculate the membership degree and convert a group of crisp inputs into a fuzzy set. Next, based on the rules provided by the knowledge base, the MIN function (or multiplication) is used to calculate the implication function (Eq. 1). In Eq. 1, µ (x)represents the membership degree of x; µ(y) represents the membership degree of y, and w i represents the implication results.
A composition process is performed to obtain the z i value of each rule. Lastly, in the defuzzification step, a weighted average method is used to calculate the average value of z i (Eq. 2) and thereby generate crisp outputs.
An adaptive network (AN) (Fig. 2) is a multi-layer feedforward neural network composed of square and circular nodes. The square nodes (self-adjusting nodes) have parameters, while the circular nodes (fixed nodes) have no parameters. The links indicate the flow of signals between the nodes. The parameters are updated according to the given training data and the gradient learning process. Suppose a given AN has L layers and the k-th layer has #(k) nodes. The node function (node output) of the i-th position of the k-th layer (k, i) can then be expressed as O k i . The node output depends on the input signal and parameter set (a, b, c):
III. PROBLEM SETTINGS AND APPLICATION SCENARIO
This section is divided into two sub-sections. Section A introduces the CBI, and Section B illustrates the rules governing the reactions of the Smart Dog according to the application scenario.
A. INTRODUCTION TO THE CBI
The Burden Interview (BI) and Caregiver Burden Inventory (CBI) are widely accepted as measurement tools of caregiver burden. Compared with BI, CBI provides a brief and comprehensive measurement, which makes it a practical tool for the evaluation of caregiver burdens; therefore, this study employs the Chinese version of the CBI, which has been used for several years in Taipei City Hospital, Renai Branch, to evaluate the burden on primary caregivers delivering care for patients with dementia [29] (Table 1) . A fourpoint scale was used to evaluate the perceived burden (1 = strongly disagree to 4 = strongly agree). The scale measures the burden on caregivers along the following five dimensions:
(1) time-dependent burden (5 items), which reflects the degree of burden during the daily care provided to the patient; (2) developmental burden (5 items), which reflects the changes in self-development that the caregiver may face due to caring for the patient, which may influence the caregiver's own psychological growth; (3) physical burden (4 items), which reflects whether caring for the patient has affected the health of the caregiver, such as reduced sleep time and physical fatigue; (4) social and family relationship burden (5 items), which reflects whether the burden of care is shared by other family members, and if not, whether this lack of support is a heavy burden to the caregiver; and (5) emotional burden (4 items), which reflects the caregiver's inner feelings toward the patient and feelings of anger, which may affect the quality and burden of care in the future. The scores for these five dimensions were calculated separately. A higher score signifies greater caregiver burden.
B. REACTIONS OF SMART DOG
The reactions of the Smart Dog are divided into reactions related to music therapy and care, and reactions related to pneumonia symptoms. The reactions of the Smart Dog during music therapy and care are as follows: 1) When stimulating music is played, the Smart Dog sings, plays along with the beat, and dances to encourage the patient to move and sing along. 2) When the patient is emotional, the Smart Dog makes panting noises, wags its tail, and asks for affection from the patient. 3) When the patient is feeling down, the Smart Dog nudges and licks the patient's hand to comfort him or her. 4) When music that facilitates sleep is played, the Smart Dog yawns tiredly and gradually falls asleep.
5)
When pop music and relaxing music is played, the Smart Dog gently swings its body and tail with the rhythm of the music and barks continuously. 6) When the patient shows negative responses to the music, the Smart Dog shows anger by staring and gnashing its teeth fiercely. 7) When the patient speaks, the Smart Dog's ears move slightly forward, and its eyes focus on the patient to simulate attentive listening. 8) When it is time for the patient to shower, the Smart Dog mimics the action of taking a shower to serve as a reminder to the patient. 9) When it is time for the patient to eat, the Smart Dog howls loudly and mimics an expression of hunger to remind the patient to eat. 10) When the weather is cold, the Smart Dog curls up and shivers continuously to remind the patient to put on more clothes. When symptoms of pneumonia are detected, the reactions of the Smart Dog are as follows:
1) When the patient has a fever, the Smart Dog sticks out its tongue to indicate that the patient is feeling hot. 2) When the patient is short of breath, the Smart Dog simulates shortness of breath. 3) When the patient coughs, the Smart Dog coughs. 4) When the patient experiences chest discomfort or chest pain, the Smart Dog alternates between shaking and trembling, while making whimpering noises to indicate physical discomfort. 5) When mild pneumonia is detected, the Smart Dog walks in a circle three times and barks to indicate that the patient should go to the hospital for examination.
6)
When moderate pneumonia is detected, the Smart Dog runs in a circle three times and howls sadly to indicate that the patient should be sent to the hospital immediately. 7) When severe pneumonia is detected, the Smart Dog howls continuously with an increasingly higher pitch until the caregiver arrives to attend to the patient.
IV. SYSTEM ARCHITECTURE
The system developed in this study includes mobile devices (including a device agent), a Smart Dog (including a Smart Dog agent), physiological sensors, web applications, a cloud server (including the ANFIS agent and a status handling agent) ( Fig. 3) . Physiological sensors included a motion sensor, a smart watch, a pulse oximeter, an electroencephalography (EEG) sensor, and a cardiopulmonary stethoscope. This section discusses the system architecture in four sub-sections. Section A describes the system operation, Sections B and C describe the internal architecture of the cloud network and the analytical learning of ANFIS, respectively, and Section D introduces the system prototype.
A. SYSTEM OPERATION Fig. 4 demonstrates the operational procedure of the system. First, the status data collected from all devices (such as the physiological sensors and the Smart Dog) are contextualized. The contextualized information is used to identify sounds, images, and the outdoor temperature to determine whether a control command (such as the operation of the music interface and notification of the caregiver) or a Smart Dog reaction is required. If a control command or Smart Dog reaction is required, the system automatically executes the command or triggers the reaction; otherwise, the contextualized information is further analyzed to determine the type of music to be played or to detect the severity of pneumonia symptoms. When a type of music is selected, the music is played. When pneumonia symptoms are detected, a corresponding warning is issued, and the corresponding Smart Dog reactions are triggered. When the relevant information cannot be found, the contextualized information is further transmitted to the ''find experiences'' function to search for information associated with the status that can be used to determine whether a prediction or a learning command should be executed.
B. INTERNAL ARCHITECTURE OF THE CLOUD NETWORK
The internal architecture of the cloud network is illustrated in Fig. 5 . Four agents (device, status handling, Smart Dog, and ANFIS) are involved; the state handling and ANFIS agents are located inside the cloud server. The device and Smart Dog agents transfer all status data to the status handling agent. The status handling agent is responsible for converting the status data into contextualized information and determining whether a control command or a Smart Dog reaction is present for processing. If it is, the command and reaction are transmitted back to the corresponding device or Smart Dog for execution; otherwise, the information is transmitted to the ANFIS agent for further analysis. The results of the ANFIS analysis and learning are then transferred back to the device or the Smart Dog for execution.
C. ANALYTICAL LEARNING PROCESS OF THE ANFIS AGENT
The ANFIS structure consists of five layers, as shown in Fig. 6 . The figure shows an example that assumes there are 2 inputs, 1 output, 4 membership functions, and 4 rules.
In the first layer (fuzzification layer), membership functions (formulated according to Sections II.B, II.C, and III.B) are introduced to obtain the fuzzy set from the inputs. The parameters determine the form of the membership function, which is known as the premise parameter. The membership degree of each membership function is calculated from the parameters (Eqs. 4 and 5), where {a, b, c}is the premise parameter set and the obtained membership degrees are expressed as µ A i and µ B i .
The second layer is the rule layer. The firing strengths of the rules (w i ) are generated using the membership degree values calculated in the fuzzification layer. The value of w i is calculated by multiplying the membership degree values, as given below.
The third layer is the normalization layer, which calculates the normalized firing strengths of each rule. The normalized value is the ratio of the firing strength of the i-th rule to the sum of all firing strengths (Eq. 7).
The fourth layer is the defuzzification layer, where the weighted sum of the rules is icalculated for each node (Eq. 8). w i is the output of the normalization layer, and {p i , q i , r i } is the parameter set.
The fifth layer is the summation layer, where the outputs for each rule obtained in the defuzzification layer are summed to obtain the analysis results (Eq. 9).
The Java Agent Development Framework (JADE) provides a series of application programming interfaces (APIs) and graphical tools to manage and monitor the execution of the agents, as well as a number of debugging tools to assist programmers and facilitate development. Therefore, this study used JADE as the cloud-based back-end system (Section IV.B) to develop the prototype for the operational agents on the agent platform (Fig. 7) . The search page for the prototype web application is shown in Fig. 8 (a) . The search fields include age, preferences, daily life, symptoms, AD stage, religion, and patient history. ''Age'' is used by the system to automatically search for songs that may have featured during the patient's childhood or adolescence, and as a condition to determine the severity of pneumonia. ''Daily life'' provides information so that different music can be played when eating, showering, or getting dressed to assist the patient. ''Symptoms'' provide information related to the patient's emotional status, which helps the system to determine the type of music to be played to calm the patient down. The Smart Dog reacts based on the different music and the patient status (Section III.B). When using the system for the first time, the patient's information must be entered into the system on the search screen. The information provided is then sent to the status handling and ANFIS agents for analysis. The selected music type is then transferred back to the Smart Dog and mobile devices, which executes the command and also plays it on the speaker and the screen (Fig. 8 (b) ). When the system detects negative patient responses towards the music through its sensors, it automatically stops playing the music and the Smart Dog shows anger by glaring fiercely and gnashing its teeth. While the music is playing, data related to the patient's physiological status and environmental information are constantly transmitted to the status handling agent for further processing. When a control command or pneumonia symptoms are detected, a corresponding command and Smart Dog reaction are triggered; otherwise, the data are transmitted to the ANFIS agent for further analysis to determine the type of music to be played or to assess the severity of the pneumonia symptoms. Based on the severity of pneumonia, the system issues a warning, gives instructions for further action, and triggers the corresponding reactions of the Smart Dog to alert the caregiver to attend to the patient.
V. RESULTS
Family caregivers (aged between 25 and 78 years) of patients with middle to late-stage AD (including both patients who have and have not suffered from pneumonia) were recruited to participate in the evaluation of the system. Prior to the evaluation process, the participants were asked to provide written informed consent and describe the caregiving they provided to the patient. They were subsequently provided with the system to use. The participants were required to use the system on patients every day in the morning and evening. After 12 weeks, the participants were asked to complete an anonymous questionnaire and a face-to-face interview. The questionnaire comprised two parts, the System Satisfaction Questionnaire and the CBI, which were used to evaluate the improvements the system brought to the caregiving experience. The results will be discussed in two sections: first, the compiled information provided by the caregivers regarding caregiving before the use of the system, and second, the compiled responses to the questionnaire survey and interview.
A. CAREGIVING STATUS PRIOR TO EVALUATION
The experience of providing care to the patient, as described by the caregiver, was explored along five dimensions. The first dimension relates to the time spent on caregiving. Participants indicated that the majority of the patients were able to care for themselves independently for most daily life tasks; only a small number of patients required assistance from other individuals. Some patients showed serious wandering behavior or agitation, which required more frequent attention from their caregivers. In addition, the caregivers had to pay close attention to the patients' physical condition. Winter is the peak period for pneumonia; however, caregivers often forgot to dress their patients in extra clothes, which led to the common cold and which in turn could have a serious impact on the patient because it increases the likelihood of subsequently developing pneumonia. The caregivers found that after the patient was discharged from the hospital, their cognitive function deteriorated at an accelerated pace, which rendered them more dependent on their caregivers and caused caregivers to feel that there was no time to rest.
The second dimension relates to personal development. The caregivers reported that, due to the long-term care and attention required by the patients as well as the emotional stress caused by the patients, they felt exhausted both physically and emotionally, lacked the energy to participate in social activities, and even considered having patients transferred to a care center, for which they felt guilty. In addition, they were deeply concerned about the impact of pneumonia on the patient and were worried it would cause an accelerated decline in cognitive function or even death. This situation caused them to feel strongly that they had lost their direction in life, that they hoped for things to change, and even that they wanted to escape from this situation. The third dimension relates to the physical condition of caregivers. The caregivers reported that feelings of guilt and worry about their patients, behavioral and emotional stress (e.g., day-night reversals, conflicts with bad-tempered patients), and disease deterioration, led to increased caregiving burden. In addition, they also needed to deal with the stress from maintaining other roles in the family. Given these conditions, the caregivers tended to have poor sleep quality and suffered from exhaustion and physical discomfort, which worsened the caregivers' overall physical condition. Some caregivers were found to have developed severe depression. There were also cases where caregivers died earlier than their patients.
The fourth dimension relates to social and family relations. Caregivers reported that the symptoms of pneumonia were not prominent, and the onset of pneumonia often exacerbated the accelerating decline in patients' cognitive functions. This caused caregivers to feel that despite their daily interaction with the patients, they would never share the good memories of the past again. In addition, the burden of caregiving had deprived them of the ability to take care of their own families and fulfill their responsibilities in other social roles, while the insufficient support from family members led to conflicts. As a result, caregivers felt increasingly alienated from other family members and that they were subject to a general lack of appreciation for their hard work. Some caregivers faced issues at work and in their marriages. In some cases, these personal difficulties manifested as resentment toward relatives of the patient who could assist yet had not done so. The fifth dimension relates to emotions. Caregivers reported that the patients frequently exhibited abnormal behaviors in public places, resulting in feelings of embarrassment and shame for the caregivers: they often felt judged and perceived onlookers as giving them dirty looks. Such behaviors made them even more uncomfortable when they had visitors at home. Also, many caregivers admitted to feelings of anger toward the patients for their emotional unpredictability, constant screaming, and throwing of objects. For the caregivers, such hostile behaviors often resulted in hostile attitudes and even abusive behavior toward the patients, or the decision to stop caring for the patients.
B. RESULTS OF SYSTEM SATISFACTION QUESTIONNAIRE, CBI, AND INTERVIEWS FOLLOWING THE USE OF THE SYSTEM
The CBI was used to evaluate the impact of using the system on the caregiver, which consisted of five dimensions of burden: time-dependent, developmental, physical, social and family relationship, and emotional. The maximum sum of the scores for time-dependent, developmental, and social and family relationship burdens was 20. The severity of the corresponding burden was defined as follows: Very slight (5-7), Slight (8-10), Average (11) (12) (13) (14) , Serious (15) (16) (17) , and Very Serious (18) (19) (20) . The maximum score for physical and emotional burden was 16. The severity of the corresponding burden was determined as follows: Very slight (4-6), Slight (7) (8) , Average (9-11), Serious (12) (13) (14) , and Very Serious (15) (16) . The results of the CBI are shown in Fig. 9 .
It can be seen from Fig. 9 (a) that, following the use of the system, the majority of caregivers' perceived timedependent burden as ''slight.'' The caregivers expressed that with the help of the system, (other than the installation of the sensors, setting up the system, and emergency responses to the detection of pneumonia symptoms), the system was able to reduce their workload and enable them to make more time for other things. Also, since the system automatically detected pneumonia symptoms, the caregivers were able to enjoy their time spent on other activities more, rather than constantly paying attention to the physical condition of the patients. Moreover, the frequency of wandering or agitation behavior was reduced following the use of the system. Due to the above reasons, the patients were less dependent upon the caregivers and required less attention. However, a number of the caregivers for patients with late-stage AD reported that although the system gave them extra time, they still needed to assist the patients with other things and life skills, hence, the increase in caregiver rest time remained insufficient. Fig. 9 (b) shows that the majority of the caregivers felt that their developmental burden was reduced to ''very slight.'' According to their responses, with the assistance of the system, they had more time to interact with friends and family, and their worries regarding the patients' condition were reduced. Following the application of the system, the patients appeared to be more willing to interact with people and could recall shared memories with the caregivers. This alleviated the caregivers' emotional exhaustion and they were less inclined to seek escape from their situation.
A majority of the caregivers perceived the reduction in physical burden to be ''very slight'' ( Fig. 9 (c) ). With the assistance of the system, they were able to rest more. In addition, when the patients showed agitated behavior, the music playback system and the Smart Dog calmed the patients and improved their mood, which made caring for the patients easier. As a result, caregivers perceived lower stress and fatigue, showed improved sleep quality, experienced reduced physical discomfort during caregiving, and experienced improved physical health. However, a few caregivers of late-stage patients reported that although the system improved their situation, they were nevertheless obliged to handle several other tasks for the patient. Furthermore, the additional time provided by the system was devoted by the caregivers to assuming other roles in their families. Hence, the caregivers still reported feeling tired.
The results for social and family relationship burden are presented in Fig. 9 (d) . The majority of the caregivers reported that this burden was reduced to ''slight.'' With the help of the system, the caregivers were allowed sufficient time to rest and therefore could concentrate more on work, and hence improve work performance. In addition, the system appeared to alleviate the patients' symptoms. Therefore, it improved their relationship with other family members and the patient. They had more time to be with their partners and children; this resulted in an improved state of marital happiness. The caregivers reportedly found that they were less resentful towards the patients' relatives who could have helped with the patient but did not. Although they felt that their hard work was still not fully appreciated by other family members, their overall situation was found to have improved.
As shown in Fig. 9 (e) , the majority of the caregivers reported the emotional burden as ''very slight.'' With the help of the system, when patients displayed emotional behavior, the system played soothing music and the Smart Dog interacted with the patients to improve their mood; hence, the caregivers were less likely to be exposed to situations where they had to confront the patients and/or become angry when interacting with the patients. In addition, following the use of the system, the patients became less likely to act abnormally, making caregivers feel less embarrassed, ashamed, or uncomfortable in public or with visitors. For that reason, caregivers no longer ignored, abused, or terminated the care of the patients.
The caregivers' satisfaction toward the system was evaluated in terms of four aspects: usability, readability, convenience, and accuracy. Participants were given five options for each item: Excellent, Good, Average, Fair, and Poor. The results are presented in Fig. 10 .
The majority of the caregivers believed that the usability of the system was satisfactory ( Fig. 10 (a) ). According to the caregivers, patients with AD are more difficult to care for than other patients, especially because the patients cause substantial emotional stress. With the help of the system, their burden was greatly reduced. Most caregivers found that the readability of the system was satisfactory ( Fig. 10 (b) ). They felt that the interface of the system was easy to understand and operate. Some caregivers selected Fair or Poor because some operations still necessitated interaction with the system interface; also, some found that the fonts and buttons were too small for older caregivers.
As shown in Fig. 10 (c) , the majority of the caregivers believed that the convenience of the system was satisfactory. With the help of the system, the caregivers could relinquish some of the attention required by the patients and were able to handle other things. Moreover, when the patient contracted pneumonia, the Smart Dog made it easier for the caregiver to recognize the patient's condition, identify the severity of the symptoms, and respond accordingly. Consequently, the likelihood of delayed medical treatment was decreased. Furthermore, when stimulating music was played, the Smart Dog encouraged the patients to move and sing with the music, which prevented poor blood circulation due to a lack of exercise. Therefore, the caregivers generally agreed that the system led to greater convenience. The reason that a minority of the caregivers chose Fair or Poor may have been due to their reduced ability to use technology, owing to their old age. In other words, it took longer for older caregivers to get accustomed to the system, and some even stopped using the system. In terms of accuracy ( Fig. 10 (d) ), the majority of the caregivers were satisfied. However, a minority of the caregivers chose Fair because occasionally, the system gave false alarms due to errors in identifying the severity of the pneumonia symptoms.
VI. CONCLUSION AND SUGGESTIONS FOR FUTURE WORK
This study developed a system that automates traditional music therapy and performs pneumonia detection to deliver better care for AD patients to prevent negligence in caregiving and avoid risking the lives of patients. The developed system was combined with a lively Smart Dog, which was designed to interact with patients, reduce emotional stress, and provide a simple method for caregivers to monitor their patients' condition, thereby easing the task of caregiving.
Our system uses AI (ANFIS) in combination with the cloud and sensors to assist in providing more accurate, timely, and efficient supervision of patients. MAS technology is used to apply AI and distributed control schemes to assist the cloud technology to reduce the complexity and difficulty of the modeling and computational tasks. ANFIS yields greater accuracy in prediction, has an effective data training learning process, features an optimized implementation, and yields better application results in decision-making; therefore, it helps the system to learn to automatically search and adjust the type of music and detect symptoms of pneumonia. Also, the system reduces the need for operation of an interface by executing playback functions based on whether the sensor is being worn and using a sound control playback interface. When using the system, the Smart Dog interacts with the patient via its different reactions according to the patient's condition, while also detecting symptoms of pneumonia. The combination of the above technologies to help improve the current information system greatly reduces manual processing and yields better care for patients.
Interviews with caregivers on their satisfaction with the system and improvements in the experience of caregiving show that the majority of the caregivers were extremely satisfied with the Smart Dog and the pneumonia detection capability; the system provided them and their patients with a sense of happiness and reduced the caregiver burden, which in turn reduced the caregiver's likelihood of early death. Some participants provided suggestions for improvement. In future work, the system will be further improved to satisfy the needs of more caregivers and provide better assistance, thereby helping them to better cope with the issues caused by an aging population.
